Summary.-Inhibitors of natural killer (NK) cell activity in cell-culture supernatants, believed to be antigens recognized by NK cells, were defined by their ability to inhibit NK cells in 51Cr-release cytotoxic assays. Supernatants from cultures of melanoma cells and Chang cells were used as the source of the antigen. Partial characterization by a number of sequential separation procedures suggested that the antigens were glycoproteins in the size range 120-140,000 daltons which had affinity for both concanavalin A and wheat germ lectin. Inhibitory activity was destroyed by trypsin digestion, but was resistant to neuraminidase and a number of physical procedures.
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Addition of supernatants to NK assays against a number of different target cells indicated that inhibition was restricted to certain target cells. This indicated that the inhibition of NK cells was not non-specific, and that the antigens were not expressed on all target cells. These studies provide a basis for further analysis of antigens recognized by NK cells, and allow investigation of their role in vivo in tumourbearing hosts.
SEVERAL OBSERVATIONS have suggested that the cytotoxic activity of natural killer (NK) cells is based on interaction of receptors on the NK cell with antigens on the surface of the target cells. Studies on the specificity of natural cytotoxicity indicated that NK cells from individuals exhibited different patterns of cytotoxicity against a range of target cells (Takasugi & Mickey, 1976) consistent with interaction of receptors on NK cells with different antigens on the target cells. Further support for specific NK-target cell interactions came from analysis of specificity using competitive inhibition with unlabelled target cells. These studies showed that cytotoxicity could be inhibited by some but not all target cells (Kiessling et al., 1975; Hersey et al., 1975) . Extensive analysis of the results of such studies suggested that antigens detected by NK cells were in some instances expressed on a wide variety of cultured cells, whereas others were more restricted in their distribution (Takasugi et al., 1977; Ortaldo et al., 1977) .
More direct evidence for binding of receptors on NK cells to antigens on target cells was obtained by visualization of these interactions in target-cell-binding assays (Roder & Kiessling, 1978) . Results from these studies suggested that antigens recognized by NK cells were in several restricted mol.-wt ranges, and included determinants unique to particular tumour cells as well as those which cross reacted with a number of different target cells (Roder et al., 1979) .
In the present study, antigens recognized by NK cells were defined by inhibition of NK activity in 51Cr-release cytotoxicity assays. Supernatants from cultured cells were used as the source of such antigens. In this report we describe ( Culture supernatants for analysis of NK inhibition activity were collected from cultures that had been washed twice with 20 ml of Hanks' balanced salt solution (HBSS) (CSL, Melbourne) and incubated for a further 2 days in serum-free medium. Cell-free culture supernatants from MM200 and Chang cell cultures were harvested by centrifuging culture medium at 2000 g for 10 min. Supernatants were concentrated 20-40-fold in an Amicon ultrafiltration "Diaflo" cell using a PM1O membrane (Amicon, Lexington, Massachusetts) and filtered through a 0 45ttm
Millipore membrane.
Inhibition of natural killer (NK) cell activity.-Assay of NK activity was carried out as described previously (Hersey et al., 1975) . Effector mononuclear cells were obtained from defibrinated venous blood of normal volunteers by centrifugation on Ficoll-Hypaque according to the method of Boyum (1968). 51Chromium (51Cr) labelling of target cells was carried out by incubation of 0-5-1 x 106 cells in 1 ml of RPMI+10% FBS with 0.1 mCi of Na251Cr 04 (New England Nuclear, Boston, Massachusetts) for 2 h at 37°C, followed by 3 washes with HBSS.
Culture supernatants were assayed for in- where a= ct/min in supernatant sample and b = ct/min in tube containing cells plus remaining supernatant.
Spontaneous 51Cr release by target cells incubated with medium alone was used as the baseline, and was not significantly affected by test samples.
Inhibition of NK activity was estimated by comparison of percent 51Cr release in the presence of test samples, with reference to medium controls. The statistical significance of the differences in 51Cr release between cultures with test and control samples were determined by Student's t test. Inhibition was always significant if 51Cr release was less than 75% of control NK activity.
Preparative isoelectric focusing (IEF).-Concentrated supernatant from cultures of a total of 1-2 x 108 cells was dialysed against distilled water, mixed with 4 g of Ultrodex (LKB-Produkter AB, Bromma, Sweden), 2-5 ml each of ampholines pH 3*5-10 and pH 7-9 (LKB) and made up to 100 ml with distilled water. The gel slurry was dried to the evaporation limit in a glass tray and run on the LKB 2117 Multiphor (LKB) at 5TC, for 16-18 h with a constant power of 8 W. The pH gradient was determined and the gel divided to yield 15 fractions. The gel fractions were mixed with 4-5 ml of cold phosphate-buffered saline, pH 7-3 (PBS) to elute protein, and the gel removed by centrifugation. Dialysis of the fractions, against 150 volumes of 0.9% NaCl with 2 changes over 24 h, was required to remove carrier ampholytes.
Gel chromatography.-IEF fractions containing inhibitory activity were separated according to molecular size using P-L agarose 8% (P-L biochemicals, Milwaukee, Wisconsin) in a column 15 x 90 cm (type K15/ 90, Pharmacia AB, Uppsala, Sweden). Three ml of sample was applied to the column and eluted with PBS containing 0 02% sodium azide by upward flow at a rate of 20 ml/h at 4°C. 100 fractions of 2 ml each were collected and their optical density (lem path) at 280 nm monitored. Pooled fractions were concentrated back to the original sample volume in an Amicon "Diaflo" cell, and dialysed against 0.9% NaCl.
Lectin affinity chromatography.-Glycoproteins binding to wheat germ lectin (WGL) were isolated from supernatants by affinity chromatography on WGL bound to Sepharose 6MB (5 mg WGL/ml packed gel, Pharmacia). One ml of concentrated supernatant was applied to 10 ml WGL-Sepharose equilibrated in HBSS at 4°C in a 0 9 x 15cm column (Type K9/15, Pharmacia) and incubated at 4°C for 1 h. Unbound proteins were eluted with 100 ml of HBSS. Bound glycoproteins were eluted with 50 ml of N-acetyl-/-D-glucosamine (NAG) (Sigma Chemical Co., St Louis, Missouri) at a concentration of 25 mg/ml of HBSS.
Similarly, I ml of concentrated supernatant was applied to a column containing concanavalin A (Con A) (Sigma) bound to AffiGel (Bio-Rad Laboratories, Richmond, California) at a concentration of 10 mg Con A/ml packed gel, and incubated for 1 h at 20°C. Proteins not binding to Con A were eluted with 100 ml of HBSS. Bound glycoproteins were then eluted stepwise with 30 ml methylcx-glucopyranoside (Calbiochem, San Diego, California) at concentrations of 5, 50 and 100 mg/ml in HBSS.
Parallel separations of control RPMI + 10% FBS were carried out on WGL-Sepharose and Con A-Affi-Gel. Each of the test and control fractions was concentrated back to 1 ml by ultrafiltration and dialysed against 0-9% NaCl.
Enzymic treatment of culture supernatants.-One ml of the following enzyme solutions in PBS was used to treat Iml aliquots of Chang supernatant.
(i) 2-5 mg/ml trypsin (1:250, Difco Laboratories, Detroit, Michigan).
(ii) 0-01 u/ml Neuraminidase (Vibrio cholerae, Calbiochem).
Treatment was carried out at 37°C for 30 min, followed by the addition of 1 ml FBS and 50 ml of cold 0-8% NaCl. Mixtures were then concentrated back to 1 ml on an Amicon XM100 membrane. Controls were performed where concentrated RPMI + 10% FBS replaced Chang supernatant, and where PBS replaced enzyme solution.
RESULTS
Inhibition of NK cell activity by culture supernatants The ability of Chang supernatant and MM200 supernatant to inhibit NK cell lysis of Chang and MM200 cells respectively is illustrated in Fig. 1 hibited dose-dependent inhibition, while culture medium from the NK-resistant NS-1 myeloma cell cultures which was collected and treated as for the MM200 and Chang cell cultures contained no inhibitory activity.
The increase in inhibitory activity with time in MM200 supernatant at a final test dilution of 1:5, is shown in Fig. 2 . Inhibitory activity was evident only after 24 h of culture, and increased two-fold in the next 24 h of culture. Inhibitory activity was not detected in supernatants from the NS-1 myeloma cells cultured under similar conditions for 48 h. Isolation of the inhibiting factor Preparative isoelectric focusing (IEF), followed by gel chromatography of the Fig. 3(a) peaks of inhibitory activity with pls of 6-8-7-1 and 78-8&0 respectively were detected in MM200 supernatant. Fig. 3(b) illustrates the results of the corresponding experiment using Chang supernatant. Only one peak of inhibitory activity could be detected in Chang supernatant. In 4 similar experiments, the mean pl ( ± s.e.) was 7-2 + 0 3. A representative gel chromatogram, from a P-L agarose 8% column, of the latter inhibitory fraction is shown in Fig. 4 II). Control medium identically treated was not inhibitory.
Specificity of inhibition by culture supernatants
To show that the reduction in NKmediated cytotoxicity by culture supernatants was not due to non-specific inhibition, supernatants from Chang and MM200 cells were assayed for their ability to inhibit NK lysis of a panel of target cells using effector cells from 2 donors. As shown in Table III , Chang supernatant specifically inhibited lysis of Chang target cells using E.M. effector cells. With A.E. effector cells a cross-reactive pattern of inhibition of target-cell lysis was obtained, with the exception of the NC37 cell line. Culture supernatant from MM200 cells inhibited lysis of MM200 and Chang target cells, but not MCF7 or NC37 target cells, for both effector cell populations. Control medium was never inhibitory. This pattern of inhibition with the supernatants from MM200 and Chang was seen in two experi- Supernatants from MM200 and Chang were tested for their inhibition antibodydependent cellular cytotoxicity (ADCC) to Chang cells sensitized with rabbit antisera and MM200 target cells sensitized with several human antisera. Effector cells from A.E. were trypsinized to remove NK activity (Kay et al., 1977) . In Table IV fractions was their lack of inhibition antibody-dependent effector (K) cells in assays against sensitized melanoma or Chang cells. NK and K cells are believed by some workers (Herberman et al., 1979) to be identical, and if this is so these results could be taken as further evidence that the fractions had no non-specific inhibitory activity against NK cells. Although extensive analysis of the specificity of the inhibitory fractions has not yet been done, it was apparent that the antigens in the supernatants had different specificities in these inhibition assays. Hence supernatants from the Chang cell cultures produced inhibition of NK activity of one donor against Chang cells but not against the MM200 target cell, whereas the supernatant from the MM200 blocked NK activity against both target cells.
In neither instance was there evidence of extensive cross reactivity of these antigens with those on other tumour cells, in that NK activity against lymphoid and breast-carcinoma cell lines was not inhibited. These results may be at variance with those of Roder et al. (1979) who found that a fraction of similar size (140,000d) in cell-membrane extracts showed extensive cross reaction with antigens on various target cells in visual assays of target cell/NK binding. By contrast, a larger (240,000d) fraction appeared to have specificities unique to particular target cells. In the present studies inhibitory activity was not identified in mol. wt fractions of the latter size in culture supernatants. This may reflect the different target cells used in our studies, or it may indicate that these antigens are not released into culture supernatants.
Spontaneous shedding of cell-surface macromolecules in vitro is now well recognized (Bystryn 1977; Grimm et al., 1976; Leong et al., 1978) . If similar shedding of NK antigens occurs in vivo, it is conceivable that this may inhibit the activity of NK cells in the host and hence be of biological significance in facilitating tumour growth. Production of antisera against these antigens may facilitate their detection in tissue fluids and determine whether their presence in the circulation is related to the biological behaviour of the tumour in the host.
